Papaya (Carica papaya) is a crop of great economic importance, and the species was among the first plants to have its genome sequenced. However, there has never been a complete species-level phylogeny for the Caricaceae, and the crop's closest relatives are therefore unknown. We investigated the evolution of the Caricaceae based on sequences from all species and genera, the monospecific Carica, African Cylicomorpha with two species, South American Jacaratia and Vasconcellea with together c. 28 species, and Mexican/ Guatemalan Jarilla and Horovitzia with four species. Most Caricaceae are trees or shrubs; the species of Jarilla, however, are herbaceous. We generated a matrix of 4711 nuclear and plastid DNA characters and used maximum likelihood (ML) and Bayesian analysis to infer species relationships, rooting trees on the Moringaceae. Divergence times were estimated under relaxed and strict molecular clocks, using different subsets of the data. Ancestral area reconstruction relied on a ML approach. The deepest split in the Caricaceae occurred during the Late Eocene, when the ancestor of the Neotropical clade arrived from Africa. In South America, major diversification events coincide with the Miocene northern Andean uplift and the initial phase of the tectonic collision between South America and Panama resulting in the Panamanian land bridge. Carica papaya is sister to Jarilla/Horovitzia, and all three diverged from South American Caricaceae in the Oligocene, 27 (22-33) Ma ago, coincident with the early stages of the formation of the Panamanian Isthmus. The discovery that C. papaya is closest to a clade of herbaceous or thinstemmed species has implications for plant breeders who have so far tried to cross papaya only with woody highland papayas (Vasconcellea).
Introduction
Annual world production of Carica papaya is now >10 million tons, making papaya an extremely important fruit crop (Scheldeman et al., 2011; FAOStat, 2011) . Papaya is a vital source of vitamins for people in the humid tropics, and proteinases obtained from the milky latex extracted from unripe fruits are widely used in the food and pharmaceutical industry (Krishnaiah et al., 2002; Scheldeman et al., 2007) . The so-called highland papayas from the Andes (Vasconcellea spp.) regarded as underexploited crops, have a number of desirable traits, including disease resistance, cold tolerance, and latex with high proteolytic activity (Scheldeman et al., 2011) . Breeders have sought to introduce these features to C. papaya using traditional plant breeding techniques. However, although some experimental hybrids exhibit useful disease resistance, serious fertility barriers limit breeding efforts (Sawant, 1958; Dinesh et al., 2007; Siar et al., 2011) . The commercial interest in papaya is reflected in more than 1300+ papers published on this species between 1970 and 2011 (Web of Science, accessed 25 September 2011), ca. half of them on papaya ring spot virus. Papaya was also among the first plants to have its genome sequenced, with the data revealing that it has relatively few lignin-synthetic genes (Ming et al., 2008) , fitting with its reduced woodiness. To take full advantage of this genome, for example to understand the evolution of lignin-related genes, requires knowing the closest relatives of papaya. Wild papaya populations are strictly dioecious, but cultivated and feral populations include individuals with a modified (mal-functioning) Y chromosome that bear bisexual flowers and are favored in plantations because of the particular fruit shape. An incipient Y chromosome has been shown to control sex in papaya (Liu et al., 2004; Ming et al., 2011; Wu et al., 2010) , and knowing the closest relatives of this crop will also help understand the origin of sex chromosomes in papaya and other Caricaceae.
The papaya family (Caricaceae) has an amphi-Atlantic distribution with two species in tropical Africa and ca.33 in Central and South America (Fig. 1) . The family is currently divided into six genera of which Carica is one, with the only species C. papaya (Badillo, 1993 (Badillo, , 2000 . Both African species are large trees, one (Cylicomorpha solmsii) in west Africa, the other (C. parviflora) in east Africa ( Fig. 1E and F) . The monotypic genus Horovitzia (H. cnidoscoloides), endemic to Mexico, is a small tree with spongy thin stems covered with stinging hairs (Lorence and Colin, 1988; Badillo, 1993) . The likewise Mexican (to Guatemalan) genus Jarilla ( Fig. 1A and B) comprises three species of perennial herbs (McVaugh, 2001 ). Jacaratia ( Fig. 1C) currently has eight tree species (including a suspected new species) occurring from southern Brazil to Mexico, and finally, Vasconcellea consists of 20 species, 19 of them trees (Fig. 1D) or shrubs, and one a climber. The highest species density of Vasconcellea is in the northwestern Andes. The sister group of Caricaceae is the Moringaceae, a family of 13 species of trees and shrubs from dry habitats in the Horn of Africa (seven species), Madagascar (two species), southwestern Africa (one species), and tropical Asia (three species; Olson, 2002) . Large-scale dating efforts for angiosperms and Brassicales have placed the split between Caricaceae and Moringaceae in the Early Paleocene, at c. 65 Ma (Wikström et al., 2001; Beilstein et al., 2010; Bell et al., 2010) .
Several molecular-phylogenetic analyses of Caricaceae have been undertaken (Jobin-Decor et al., 1997: using isozymes; Aradhya et al., 1999: RFLPs; Olson, 2002: nuclear ITS and plastid sequences; Van Droogenbroeck et al., 2002 : AFLPs, 2004 : PCRAFLPs; Kyndt et al., 2005a : nuclear ITS and plastid sequences, Kyndt et al., 2005b : AFLPs, PCR-RFLPs) but none included representatives of all genera. The evolutionary relationships within the family have therefore remained unclear. Wild C. papaya populations (referred to Carica peltata Hook. & Arn. until Badillo (1971) synonymized the name under C. papaya) are found from southern Mexico through Nicaragua and Belize to Guatemala and Costa Rica (Storey, 1976; Moreno, 1980; Manshardt, 1992; Manshardt and Zee, 1994; Morshidi et al., 1995; Paz and Vázquez-Yanes, 1998; Coppens d'Eeckenbrugge et al., 2007; Brown et al., 2012) , fitting with a Mexican or Central American domestication of papaya as advocated by De Candolle (1883), Solms-Laubach (1889), and Vavilov (1940 Vavilov ( [1992 ). Prance (1984) suggested domestication on the southwestern side of the Andes, while Brücher (1987) briefly favored an Amazonian origin (but see Brücher, 1989; Prance and Nesbitt, 2005) . So far, there is no direct archaeological evidence because papaya cannot be identified from phytoliths, and pollen grains are rarely found (D. Piperno, Smithsonian Tropical Research Institute, Panama; email to S. Renner, 17 October 2010 ). An isozyme analysis of numerous papaya accessions, while revealing limited genetic diversity, showed wild papaya plants from Yucatán, Belize, Guatemala, and Honduras more related to each other than to domesticated plants from the same region (Morshidi et al., 1995) .
To understand the biogeography of Caricaceae and to identify the sister clade of papaya, we compiled nuclear and plastid DNA sequences from all of the family's extant species and then used a molecular clock approach to infer the divergence times of major groups. It is well established that the land bridge dividing the Pacific from the Atlantic Ocean was fully established by 3-3.5 Ma (O'Dea et al., 2007; Farris et al., 2011) . However, previous inferences about the duration of the gradual shoaling process were based mainly on the divergence times of marine organisms and are relatively imprecise. New evidence on when isthmus formation began comes from geological sequences in Panamanian and Colombian sedimentary basins that are 14.8-12.8 Ma old (Farris et al., 2011) . The latter authors suggested that collision between Central America and South America initiated at 23-25 Ma, when South America first impinged upon Panamanian arc crust.
To summarize, the specific goals of this study were to (i) infer the closest relatives of papaya, (ii) produce a dated phylogeny for the Caricaceae, and (iii), to the extent possible, relate the diversification of Caricaceae to geological or climatic events both in Africa and in Central and South America.
Materials and methods

Taxon sampling, DNA sequencing, alignment
We sequenced 36 accessions representing the 34 species recognized in the latest revision of Caricaceae (Badillo, 1993) , as well as a new species (leg. E. Honorio 1365). Vasconcellea Â heilbornii, a sterile hybrid between V. cundinamarcensis, V. stipulata, and V. weberbaueri (maintained in cultivation as a parthenogenetic clone), was excluded from this study (Aradhya et al., 1999; Van Droogenbroeck et al., 2002 , 2004 Scheldeman et al., 2011) . Seven of the 13 species of Moringaceae were chosen as outgroups for rooting purposes (Olson, 2002) . Appendix S1 lists DNA sources with voucher information, species names with authorities, GenBank accession numbers, and the general distribution of each species.
Total genomic DNA was extracted from 1-23 mg of leaf tissue from herbarium specimens or, more rarely, silica-dried leaves, using a commercial plant DNA extraction kit (NucleoSpin, Macherey-Nagel, Düren, Germany) according to manufacturer protocols. Polymerase chain reactions (PCR) followed standard protocols, using Taq DNA polymerase and 22 different primers (Appendix S2). PCR products were purified with the ExoSap clean-up kit (Fermentas, St. Leon-Rot, Germany), and sequencing relied on Big Dye Terminator kits (Applied Biosystems, Foster City, CA, USA) and an ABI 3130 automated sequencer. In all, 228 chloroplast sequences (trnL-trnF, rpl20-rps12, psbA-trnH intergenic spacers, matK and rbcL genes) and 35 nuclear sequences (from the Ribosomal DNA internal transcribed spacers ITS1 and ITS 2, plus the intervening 5.8 S gene) were newly generated for this study (Appendix S1). All new sequences were BLAST-searched in GenBank and then first aligned using MAFFT vs. 6 (http://mafft.cbrc.jp/alignment/server/) using defaults parameters.
The Q-INS-i multiple alignment strategy was chosen for the ITS sequences because it considers secondary structure and is recommended for alignments of highly diverged ncRNAs (Katoh and Toh, 2008) . Minor alignment errors were manually adjusted in MacClade vs. 4.06 (Maddison and Maddison, 2005) . In order to remove poorly aligned positions, alignments were exported to a server running Gblocks vs. 0.91b (http://molevol.cmima.csic.es/ castresana/Gblocks_server.html) with the less stringent options selected (Castresana, 2000) .
Phylogenetic analyses and molecular clock dating
In the absence of statistically supported (i.e., >70% bootstrap support) topological contradictions from maximum likelihood (ML) tree searches (below), the chloroplast and nuclear data were combined, yielding a matrix of 4711 aligned characters. Phylogenetic trees were estimated using ML and Bayesian optimization, the former in RAxML (Stamatakis, 2006) , using the RAxML GUI vs. 0.93 (Silvestro and Michalak, 2011) , the latter in BEAST vs. 1.6.1 . The ML analyses used the GTR + C model with six rate categories, with independent models for each data partition and model parameters estimated over the duration of specified runs. Statistical support came from bootstrapping under the same model, with 100 replicates. BEAST analyses relied on the uncorrelated lognormal relaxed clock, the GTR + C substitution model with four rate categories, and a Yule tree prior. Monte Carlo Markov chains (MCMC) were run for 10 million generations, with parameters sampled every 1000 generations. Log files were then analyzed with Tracer vs. 1.5 (http://beast.bio.ed.ac.uk/) to assess convergence and to confirm that the effective sample sizes for all parameters were larger than 200, indicating that MCMC chains were run long enough to reach stationarity. After discarding 10% of the saved trees as burn-in, a maximum credibility tree based on the remaining trees was produced using TreeAnnotator (part of the BEAST package) and FigTree vs. 1.3.1 (http:// tree.bio.ed.ac.uk).
There are no Caricaceae or Moringaceae fossils, and we therefore resorted to secondary calibration of our clock models. The age of the Caricaceae/Moringaceae node has been estimated in three largescale studies that used fossil calibrations (Wikström et al., 2001: 59 Ma (58-61) , Beilstein et al., 2010: 69 Ma (105-38) , Bell et al., 2010 : 67 Ma (45-86)). We assigned this node a normally distributed prior with a mean of 65 Ma and a standard deviation of 2 Ma, reflecting the age range estimated by the three studies. Two alignments of 26 plant accessions were used for dating, one consisting of the plastid genes matK and rbcL ('slow data'), which exhibit relatively low nucleotide substitution rates; the other consisting of all six markers ('fast data'). Dating in BEAST used the same substitution model and tree prior as used in the phylogenetic analysis and either an uncorrelated relaxed clock or a strict clock model (the latter only for the 'slow data' matrix).
Biogeographic analyses
Species ranges were coded using the monograph of Badillo (1971) and more recent studies (Diaz-Luna and Lomeli-Sención, 1992; Badillo, 1993; McVaugh, 2001; Lleras, 2010) . The species ranges were assigned to one of the three regions: (1) Africa; (2) South America including southernmost Panama, and (3) Central America from Costa Rica to Mexico (Fig. 2) . Two widespread species (Vasconcellea cauliflora and Jacaratia spinosa) were coded as 'South America/Central America'. Because wild populations of papaya occur from Mexico south through Belize and the Petén region of Guatemala, it was coded as 'Central America'. In an alternative run, we coded papaya as 'unknown' (as done in other studies of cultivated crops; Sebastian et al., 2010) to reflect its anthropogenic distribution range. Moringaceae were coded as 'Africa'.
Ancestral area reconstruction (AAR) relied on the dispersalextinction-cladogenesis (DEC) ML approach implemented in LA-GRANGE (Ree et al., 2005; Ree and Smith, 2008) . Python input scripts were generated using an online tool (http://www.reelab.-net/lagrange/configurator/index), with the maximum number of ancestral areas constrained to two. No dispersal constraints were defined. DEC analyses were run either with the ML tree (above), with the root age set to 65 Ma, or with an ultrametric tree obtained under a strict clock model and the 'slow data'.
Results
Evolutionary relationships in Caricaceae, and the closest relatives of papaya
Phylogenies obtained with ML (Fig. 2) or Bayesian optimization (Fig. S1 ) are congruent and show that all four genera with more than one species are monophyletic. The deepest divergence in the family is between the clade containing the two African species (Cylicomorpha solmsii and C. parviflora) and the Neotropical clade of the remaining Caricaceae. In the latter, the first divergence involves Jacaratia and Vasconcellea on the one hand and the three Mexican/Guatemalan genera on the other, namely Carica, Jarilla, and Horovitzia (Fig. 2) .
Within Jacaratia, J. spinosa (a widespread species throughout the Neotropical region) is sister to a clade comprising the remaining species (Fig. 2) . The two Central American species, J. dolichaula and J. mexicana, are embedded in a South American clade, implying that they reached Central America from South America (Figs. 2 and  S1 ). A suspected new species (Jacaratia Honorio 1365) from the eastern Andean foothills (alt. 1100-1300 m) in Peru is sister to J. chocoensis, an endemic of the Colombian Chocó region (alt. 600-800 m) to the west of the Andes. Vasconcellea comprises two species groups (with high statistical support, Figs. 2 and S1): a small clade consisting of four species from the western Andes (V. candicans), the coastal region of Central Chile (V. chilensis), and Peru, Bolivia, Brazil and southern South America (V. glandulosa; V. quercifolia). The larger clade comprises the remaining Vasconcellea species, which either have a narrow distribution in the western Andes in Peru and Ecuador (e.g., V. stipulata, V. parviflora, V. weberbaueri) or are more widely distributed, as for example V. cauliflora, which ranges from Mexico to Ecuador.
Molecular clock dating
Divergence times inferred for biogeographically interesting events under strict clock and relaxed clock models are shown in Table 1. The ages inferred from the 'fast data' matrix lie within the confidence intervals of those inferred from the 'slow data'. Analysis of the log file generated under the relaxed clock model applied to the slow data gave ucld.mean and ucld.stdev parameters of 0.0003 and 0.492, respectively, suggesting that the matK-rbcL data are clock like . Fig. 3 shows a chronogram from these data. The divergence between the African Cylicomorpha clade and the Neotropical Caricaceae occurred 35.5 (28-43) Ma ago, during the Late Eocene. Cylicomorpha solmsii and C. parviflora shared a most common ancestor during the Pliocene-Pleistocene periods, around 2.8 (0.6-5.2) Ma. The split between the mostly South American Vasconcellea/Jacaratia clade and the Mexican/Guatemalan Table 1 Estimated node ages for selected divergence events under a strict clock model and a relaxed clock model using different datasets as indicated above columns. Ages are in million years, and the values in brackets are the 95% posterior probability intervals. (Fig. 3 and Table  1 ).
Nodes of interest
Ancestral area reconstruction
Results from the DEC analyses, using either a ML phylogram (with papaya coded as 'unknown' or as 'Central America') or an ultrametric tree obtained under the strict clock model are summarized in Table 2 and illustrated in Fig. 2 . The most recent common ancestor of Caricaceae was distributed in Africa and apparently dispersed to Central America c. 35 Ma ago, where the Mexican/Guatemalan papaya clade then diversified. The family expanded from Central to South America during the Late Oligocene/Early Miocene (probably across the newly forming Isthmus; Discussion), eventually reaching southern South America. The widespread species Vasconcellea cauliflora apparently entered Central America from the south, after the formation of the Isthmus, given that V. cauliflora is a rather young species; Fig. 3 ). By contrast, the widespread Jacaratia spinosa, of which we included Peruvian and Costa Rican samples, appears to have reached a large geographic range a long time ago (Fig. 3) .
Discussion
The closest relatives of Carica papaya and the region of the crop's domestication
Carica papaya represents an isolated surviving lineage that diverged from its sister clade some 25 Ma ago. Wild populations of papaya are characterized by a strictly dioecious breeding system (rather than being trioecious like the cultivated papaya) and have female trees that produce small, seedy fruits with a thin mesocarp. Previous sampling of numerous papaya populations has characterized the morphological and genetic diversity of natural papayas and has found a high frequency of rare alleles among Costa Rican plants, but little differentiation among Caribbean and Pacific coastal papayas (Morshidi et al., 1995; Coppens d'Eeckenbrugge et al., 2007) . Even higher levels of genetic diversity in the wild populations were found by Brown et al. (2012) who also documented the pronounced heterozygote deficiency in cultivated papaya, consistent with its history as a domesticated species. Sixteenth century Spanish explorers probably were responsible for the initial spread of papaya beyond its native Mesoamerican distribution, and 500 years of selective breeding for fruit size, shape and color, combined with selfing and inbreeding of the preferred bisexuallyflowered trees (with a mal-functioning Y chromosome), probably explain the lack of genetic diversity in the cultivated papaya (Brown et al., 2012) . Brown et al. also suggested that some of today's natural papaya populations may represent descendants from papaya that were cultivated in the region of Costa Rica in the preColumbian era (Storey, 1976) . Following the decline of pre-Columbian cultures, semi-domesticated plants could have become feral and subsequently spread throughout the region naturally, in papaya's ecological role as a pioneer species (Brown et al., 2012 ).
An important new finding of this study is that papaya is most closely related to four species from southern Mexico and Guatemala. A morphological synapomorphy supporting this relationship is a unilocular ovary, while the remaining Caricaceae have 5-locular ovaries. Breeding efforts for papaya improvement should include the four species now revealed as the closest relatives, rather than focusing only on the highland papayas in the genus Vasconcellea (Sawant, 1958; Drew et al., 1998; Siar et al., 2011) . So far, studies on the biology of the herbaceous Caricaceae are restricted to an investigation on the cultivation of the lowland species Jarilla chocola (Willingham and White, 1976) . Other members of the papaya clade, such as Horovitzia cnidoscoloides, occur in montane cloud forest (Oaxaca, ca. 1250 m alt.) and might be cold adapted.
The restricted occurrence of the dioecious wild form of C. papaya and its four closest relatives in Central America (Storey, 1976; Moreno, 1980; Manshardt, 1992; Manshardt and Zee, 1994; Morshidi et al., 1995; Badillo, 1993; Paz and Vázquez-Yanes, 1998; Coppens d'Eeckenbrugge et al., 2007; Brown et al., 2012) are in line with a Central American domestication of papaya (De Candolle, 1883; Solms-Laubach, 1889; Vavilov (1940 Vavilov ( [1992 ); Storey, 1976; Manshardt, 1992; Prance and Nesbitt, 2005) . Mesoamerica is one of the World's centers of plant domestication. The Olmec (1500-400 BC) and Maya (2000 BC to 900 AD) had extraordinary abilities to select plant varieties through agricultural manipulation (Pope et al., 2001; Colunga-GarcíaMarín and Zizumbo-Villarreal, 2004; VanDerwarker, 2006) . However, plant domestication appears to have begun in the lowland habitats of the Pacific slope of southwestern Mexico before 5000-4000 BC, greatly predating the Olmec and Mayan farming cultures (Pohl et al., 1996) . A phylogeographic study of C. papaya, covering the complete geographical range of the species and including many populations of wild and cultivated forms, would be needed to infer the direction and timing of anthropogenic range expansion.
Origin and evolution of the Caricaceae
Based on outgroup analysis, the Caricaceae originated in Africa, where two species still occur today (Fig. 2) . During the Late Cenozoic, Africa was characterized by extreme climate variability with alternating periods of high moisture levels and extreme aridity (Sepulchre et al., 2006; Trauth et al., 2009) . A change from wet to dry conditions occurred between 4 and 3 Ma, the time when the west and east African Cylicomorpha solmsii and C. parviflora are inferred to have diverged from each other (c. 3 Ma; Table 1 ). Both species are big trees occurring in montane and sub-montane rainforest or along rain forest margins and paths at 500-1500 m elevation ( Fig. 1D and E) . Their ranges are likely to result from the fragmentation of evergreen tropical forests during the Pliocene, and their divergence time matches the inferred ages of other east African and west African rainforest clades. For example, species of Isolona restricted to west and central African rainforests diverged from relatives in east Africa around 4.5 Ma (Couvreur et al., 2011) .
The ancestral area reconstruction suggests dispersal from Africa to Central America c. 35 Ma ago (Figs. 2 and 3 ), possibly via a floating island carried by ocean currents from the Congo delta via the North Atlantic Equatorial Current (Houle, 1999; Fratantoni et al., 2000; Renner, 2004; Antoine et al., 2012) . Dispersal from Africa to Central America has also been inferred for gekkonid lizards of the genus Tarentola and amphisbaenians (Amphisbaenidae, the Cuban genus Cadea), which apparently were transported on rafting vegetation from the west coast of Northwestern Africa to the West Indies (Carranza et al., 2000; Vidal et al., 2008) . Caricaceae have soft, fleshy fruits not suitable for water dispersal, but seeds could have been transported in floating vegetation. Even if transport took several weeks, seeds might not have germinated because germination in the family is slow and erratic, due to inhibitors present in the sarcotesta (Paz and Vázquez-Yanes, 1998; Tokuhisa et al., 2007) .
The chronogram (Fig. 3 , Table 1 ) in combination with the ancestral area reconstruction (Fig. 2, Table 2 ) implies that Caricaceae reached South America from Central America between 27 and 19 Ma ago, which matches recent geological evidence suggesting that the formation of the Isthmus of Panama already began 23-25 Ma ago, earlier than previously thought (Farris et al., 2011) . This may have facilitated range expansion from Mexico to Colombia, where a newly established population then began to diversify and gradually to expand the family's range south to Paraguay, Uruguay, and Argentina. The climate around 27 Ma ago was still warm and moist, prior to the Late Miocene cooling at 14 Ma (Zachos Table 2 Inferred ancestral areas at branches and the relative probability of an area is reported for main branches (only the two most probable reconstruction are shown). Letters in square brackets are the ranges inherited by the respective descendant branches. Values are the Log-likelihood, followed by the relative probability of the estimated reconstruction. The areas coded were: A = Africa, S = South America, C = Central America, and U = unknown. eman et al., 2007) . This supports Aradhya et al.'s (1999) assessment that adaptive radiation into ecologically diverse habitats during the Andean uplift led to the diversification in Vasconcellea. The close relationship among V. chilensis, V. candicans and V. quercifolia found here (Fig. 2) matches a morphological synapomorphy, namely entire to slightly pinnatifid leaves, while all other Caricaceae have deeply pinnatifid leaves. A morphological trait that would link V. glandulosa to this group, however, is unknown, and a better morphological characterization is needed to evaluate possible synapomorphies in Vasconcellea. Another group of closely related species is formed by V. stipulata, V. parviflora and V. weberbaueri. Different from the diverse Andean Vasconcellea clade, a single species of Jacaratia (J. chocoensis) occurs in the Andean foothills. Instead, the genus Jacaratia appears to have adapted to the drier climates and more open vegetation that spread during the Late Miocene. Between 12 and 7 Ma ago, South America comprised large areas with tropical dry woodlands and grasslands (Pound et al., 2011) . This would have favored species adapted to dry, open environments or semi-deciduous forest, such as Jacaratia corumbensis and J. dolichaula, and perhaps the baobab like water-storing tree trunk (often well over a meter in diameter) of the Mexican J. mexicana. However, a more detailed study with geo-referenced specimens is needed to provide a better understanding of species distributions and habitat requirements.
Conclusions
Carica papaya is part of a small clade confined to Mexico and Guatemala that also includes three perennial herbs (Jarilla chocola, J. heterophylla and J. nana) and a treelet with spongy thin stems (Horovitzia cnidoscoloides). The geographical distribution of this clade and the occurrence wild papayas in Central America are consistent with a domestication of papaya there. The biogeographic history of Caricaceae involves long distance dispersal from Africa to Central America c. 35 Ma ago and expansion across the Panamanian land bridge sometime between 27 and 19 Ma. Diversification of Vasconcellea, the largest genus of the family, is related to the peak of the northern Andean orogeny, while diversification of Jacaratia appears linked to the expansion of drought-adapted vegetation during the Late Miocene.
